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FFRONTATL LESIONS AND B]SHAVIOI{f\'ll INSTABILITY!
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Fine grain unalvsis shawed that frontal ablation lowered the lovel of vizoal

traeniion performance and augmented Auctoations in belvior alter
rion hud been met, These rosulls are consonant with cavlice ores and

suggest thid one tmpariant consequence of frontal lesion in the monkey 1=

tae production of behavieral instabili

The functions of the frontal engranular cortex
continue to puzzie ncurobehaviaral selentists
(Warren & Akert, 1064) Much of ihe effective
analvsis aof the problem his stemmbied from the
observition of Jacobsen (1936) that ablations
of this part of the forcbrain interfere with a
morkey’s ability to solve the defayed responsc
problem. Atteution has been focused on this ob-
servation sinee ablations of other paris of the
cerchral correx do not Impair the solution of ithis
task  (Pribram, 19541, Such frontal ablations
have, on the whole, litile efficet an the perform-
ance ol smple visual diseriminations (Pribram,
Miskian, Rosvald, & Kaplin, 1032); vet, when
more complicated diserunination procedures are
uged, frontlly lesioned wmonkeys do shew dif-
ferences “romn normal Sz 1o the way these prob-
cemg are handlod {Harlow, 18459 Priliram, 1960) .

Recently, procedures of testing and of data
analvsiz have been relimed. Automited festing
by computer-programmed devices and mathe-
maticar analysis of {rial-by-trial ehange, in per-
formanee sre now available. [t was felt, there-
iore, that another look at the way in which
fron‘eliy sblited monkeyvs learn avd perform
on a suaple, simcliancouzly presented diserimi-
nation waould prave jnntinl.

METHOD

Iight experirentally naive rlissus monkeys wire
testedl in an automalcd diserimination apparmin
that allows lisorete  trin! analveis (DADTA)
{Pribram, Gardnor, Prossmnn, & Bogshaw, 1062),
Briefly, this npparaius conzsts of [0 microswitch
panels arranged in {four rows of four, each with <he
capariiy of displaving ary one of 12 difiornot vis-
usl patternz, The apparnius iz programmed o de-
liver a peanut reward Lhrough a centrally placed
Teeder box whenever a cortain patiern is responded
to by prossing the appropmate panel, The location
of a pattern among the 16 panels 15 serambled
from trigd to trial, aecording wo o preset schednle.

PThis pozenreh was ocorried out under Grant
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All Sz weee trained to respomd 1o a single Ted
virele, presented at various locations in sequence
ab bemec. Intervuls, Afler reaching consistont per-
formance, four 8 underwent single-staps bilateral
lohectomies, the eortical removal extending (rom
arcuate sulens fo and including the frontsl pole.
Surgical proeedure and histalogical verification of
the lesions were accomplished aceording o tech-
mques repeatedly  presentod (Sherer & Pribram,
196273

After recovery, S were given the Dseriininaiion
tusk; the numersls 4 and 6 served as diserimi-
uanda. As hefore, cue posiiions on the DADTA
sereen waere serambled Trom Lol Lo sl The eor-
rect contingeney was halanced among Ss, hali re-
celving consistent rewards on 4 sand half on 6.
Tifty toials por day were presented ot G-see, -
tervids until an arhieary erdernon of 43 correct
cholers ot of any 80 consceutive trials was
reached. Fallowing an interval of approximately
1 wk., another 80 irials on rach of & days were
givern under the same test conditinns,

Resvnts
Discrivanation Learning
The eontrol (unoperated) group achieved eri-
terion n an average of 177 teials (individual
scores of 90, 140, 140, and 340}, The frontally
lesioned group reguired an average of 275 inals
(individual seores of 150, 250, 250, and 430},
Fur these two distributions of scores the Mann-
Whiiney L7 of 3 generatez a two-iniled p ooi 200
Presented in Figure 1 are the backward learning
eurves Tor control and frontal Ss.

Insertmanation Performance

Thke res of the posteriterion periormance
timh are also shown in Figure 1. In this series of
250 trials the number of correct trials for con-
trols were 242, 243, 247, and 230, and for fron-
tals, 168, 224, 225, and 231, The mean numbers
af coreect trinls were, respectavely, 245.5 (U8.5%)
and 21003 (88%) . Note that there was no over-
an in the disinibutions of posteriierion per-
formance scores. The Mann-Whitney {7/ of 0
gencrates a two-tailed p of 028,
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The plots of individual performance protocols
in lhe posteriterion period suggested that fron-
tal Sz were more variable than conirols. As a
measure of variability we adopted the number
of performance dips per block of 10 trials, More
specifically, we considered sach point of an in-
dividual 3’3 protocel (pre- or posteriterion) as
plotted in the format of Figure 1, 1e, percentage
correct over 10-trial blocks, and then asked if
the next succeeding point showed a performance
dip {ie, was lower). These dips or performance
lapses were tofaled and divided by the number
of 10-trial blocks over which the lapses were ob-
served. The preeriterion period extended from
the criterion point back 90 trials {the last point
melueding all eight Ss). The posteriterion point
extended from the criterion point forward 250
trials,

Mean performance lapses for control and
frontal Ss in the precriterion period were about
the same (see Table 1). In the posteriterion pe-
riod, however, gontrol S’s performance was
considerably less variable than frontal S’ per-
formance. For the two posteriterion distribu-
tions of scores, the Mann-Whitney U7 of 1 gen-
erates a two-tailled p of D58, A ¢ test on the
same data gives a p value > 02 but < 05 {t =
275, df = 7V,

Dhscussion

The results of this experiment hint at a very
shght retardation of diserimination learning by
frontally lesioned monkeys. Much more striking,
however, iz their impaired posteriterion per-
formance. Thig impairment iz characterized by
a lower mean performance and by considerable
irregularity in behavior when 10-trial bloeks are
compared. The experiment does not allow us to
distinguish whether these fluctations in behavior
lead ia or are a consequence of the lower level
of performance. However, on the basis of carlier

experiments  (Pribram, Ahumnda, Hartog, &
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Tz 1, Mean percentage of correct responses
by trial blocks of 10 for control and frontal s,

SUPPLEMENTARY REPORTS

TARLE
Pewroumancr Larse Scouss row CoNtron AND
Fronran Ss ix Pre- axn PosteriTEriox

Priinps
T'recriierjon scores Posteriterion scores
Controls Frontals Conirols Frontals
.22 22 .24 .24
22 M 12 28
B 33 12 AR
S22 22 : Ay 28
i
A 25 : 34 12 i 52

Roos, 1084} which showed that fronially le-
sioned monkeys behave more randomly in 2
variety of situations, the current results can be
taken to support the hypothesis that irregu-
larities 1 behavior are an important conse-
guence of frontal lesion in primates.
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